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ABSTRACT 
P a t h f i n d e r  i s  a research  and techno logy  i n i t i a t i v e  by t h e  N a t i o n a l  Ae ronau t i cs  and Space Admin is -  
t r a t i o n  (NASA)  i n t e n d e d  t o  s t r e n g t h e n  t h e  techno logy  base o f  t h e  U n i t e d  S t a t e s  c i v i l  space program i n  
p r e p a r a t i o n  f o r  f u t u r e  space e x p l o r a t i o n  m iss ions .  P a t h f i n d e r  beg ins  i n  FY89. 
One ut the  four- ma jor  t h r u s t s  o f  P a t h f i n d e r  i s  Space T r a n s f e r  techno logy .  A key element o f  t h i s  
t h r u s t  i s  t h e  Cheinicdl T rans fe r  P r o p u l s i o n  program which w i l l  p r o v i d e  t h e  p r o p u l s i o n  techno logy  f o r  
h i g h  per fo rmance,  l i q u i d  o x y g e n l l i q u i d  hydrogen expander c y c l e  eng ines  which a r e  expected t o  be oper -  
a t e d  and ma in ta ined  i n  space. These advanced eng ines  w i l l  enhance o r  enab le  a v a r i e t y  o f  f u t u r e  
space e x p l o r a t i o n  m i s s i o n s .  
Th is  paper d e s c r i b e s  the  goa ls  and o b j e c t i v e s ,  management, t e c h n i c a l  p l a n ,  and techno logy  t r a n s -  
f e r -  t o r  t h e  Chemical T rans fe r  P r o p u l s i o n  element o f  P a t h f i n d e r .  
INTRODUCTION 
Amei.icai\ l e a d e r s h i p  on t he  space f r o n t i e r .  r e q u i r e s  aggress i ve  techno logy  development.  
i c a l  advance w i l l  be c r i t i c a l  t o  f u t u r e  space e x p l o r a t i o n  m i s s i o n s . l  
i n t e n s i v e  s tudy  uf the  E d r t h .  a r e t u r n  t o  the  Moon. p i l o t e d  m iss ions  t o  Mars, o r  t h e  c o n t i n u i n g  
r o b o t i c  e x p l o r a t i o n  o f  t he  So la r  System.2 NASA i n i t i a t e d  P r o j e c t  P a t h f i n d e r  t o  i n t e n s i f y  and broaden 
t h e  scope o f  i t s  research  and techno logy  program t o  p r o v i d e  t h e  range o f  t e c h n i c a l  o t i o n s  and ensure 
Technolog- 
These m iss ions  may i n c l u d e  an 
t e c h n o l o g i c a l  read iness  i n  s e l e c t  areas t o  enab le  f u t u r e  space e x p l o r a t i o n  m i s s i o n s .  5 
Path f i nde l .  i s  o rgan ized  i n t o  f o u r  programmatic t h r u s t s :  ( 1 )  s u r f a c e  e x p l o r a t i o n ,  ( 2 )  in -space 
o p e r a t i o n s ,  ( 3 )  humans-in-space, and ( 4 )  space t r a n s f e r .  The space t r a n s f e r  t h r u s t  w i l l  p r o v i d e  C r i t -  
i c a l  t echno logy  f o r  t r a n s p o r t a t i o n  t o .  and r e t u r n  f rom,  t h e  Moon, Mars,  and o t h e r  p l a n e t s  i n  t h e  
S o l a r  System, as w e l l  as f o r  r e l i a b l e  and c o s t - e f f e c t i v e  E a r t h - o r b i t   operation^.^ Chemical t r a n s f e r  
p r o p u l s i o n  i s  a key  element o f  t h e  space t rans fe r -  t h r u s t  and w i l l  p r o v i d e  t h e  techno logy  f o r  h i g h -  
per fo rmance,  l i q u i d  o x y g e n / l i q u i d  hydrogen expander c y c l e  eng ines  f o r  space-based t r a n s f e r  v e h i c l e s ,  
as w e l l  as f o r  Lunar and Mars l anders .  
CHEMICAL TRANSFER PROPULSION PROGRAM OVERVIEW 
MISSION STUDIES AND TECHNOLOGY REQUIREMENTS 
I n  i t s  r e p o r t  t o  NASA i n  1987, t h e  Committee on  Advanced Space Technology o f  t he ,Na t iona l  
Research Counc i l  recommended t h a t  advanced p r o p u l s i o n  t e c h n o l o g i e s  f o r  f u t u r e  space m iss ions  be 
d f f o r d e d  t h e  h i g h e s t  p r i o r i t y  o f  R&D a c t i v i t y  w i t h i n  NASA. 
a s t r o n g  program l e a d i n g  t o  t h e  des ign  and development o f  r e u s a b l e  c ryogen ic  t r a n s f e r  v e h i c l e  eng ines  
w i t h  f e a t u r e s  o f  f a u l t  t o l e r a n c e ,  h i g h  r e 1  i a b i  1 i  t y  and longev i  t y . 5  
NASA's p l d n n i n g  f o r  f u t u r e  e x p l o r a t i o n  t h e  S o l a r  System i n c l u d e s  unmanned ( p r e c u r s o r )  and manned 
m i s s i o n s  t o  Mdrs  and i t s  moons, as w e l l  as a resumpt ion  o f  manned m iss ions  t o  t h e  Moon t o  e s t a b l i s h  
Lunar o b s e r v a t o r i e s .  A s i g n i f i c a n t  p o r t i o n  o f  t h e  c o s t  f o r  t hese  m i s s i o n s  depends on launch v e h i c l e  
and o n - o r b i t  f u e l  requ i remen ts .  One o f  t h e  keys t o  r e d u c i n g  c o s t  i s  t o  m in im ize  t h e  p r o p e l l a n t  mass 
i n  l ow-Ear th  o r b i t  r e q u i r e d  t o  ach ieve  a t r a n s f e r  t r a j e c t o r y ,  t o  accompl ish  o r b i t  i n s e r t i o n ,  t o  e f f e c t  
a p l a n e t a r y  l a n d i n g ,  and t o  r e t u r n  t o  E a r t h .  
t u a l l y  a l l  f u t u r e  space e x p l o r a t i o n  m i s s i o n  scenar ios  mdy be a f f o r d a b l e  o n l y  i f  advanced p f o p u l s i o n  
systems can be made a v a i l a b l e . 5  
35  sec i n  space t r a n s f e r  eng i i ie  s p e c i f i c  impu lse  saves t h e  c o s t  o f  a t  l e a s t  two E a r t h - t o - o r b i t  v e h i c l e  
1 aunches . 
The commit tee suggested t h a t  NASA pursue 
Launch o f  t h e  many m i l l i o n s  o f  pounds r e q u i r e d  f o r  v i r -  
For  example, i n  t h e  case o f  a manned Mars m i s s i o n ,  an i n c r e a s e  o f  
*Approved for  p u b l i c  r e l e a s e ;  d i s t r i b u t i o n  u n l i m i t e d  
Anothei' key tu reduced cost is to develop reusable transfer stages that are based in and operated 
from low-Earth orbit, are operated in LEO to GEO space, and are used in the exploration missions. 
Technologies that will enable automated in-orbit operation are critical to the successful development 
and use of space-based vehicle systems. Integrated controls and health monitoring systems will be 
required for such fault tolerant engines which will be repeatedly operated and maintained in space. 
The NASA Office u t  Exploration (OEXP) is currently studying several mission scenarios to provide 
recommendations and alternatives for an early 1990 's  national decision on a focused program for human 
exploration of the Solar System.6 A preliminary set o f  propulsion technology requirements generated 
by OEXP for thdse mission scenarios are presented in Table I. These include ( 1 )  fault tolerance and 
hiyh reliability. ( 2 )  space basing, long life, and space maintainability, ( 3 )  man rating. ( 4 )  reusa- 
bility, restart Cdpability, and checkout before reuse, ( 5 )  diagnostic capability (inteyrated controls 
and health monitoring), and ( 6 )  some level of on-orbit assembly. 
TECHNOLOGY ASSESSMENT 
The only upper. stage liquid oxygen/liquid hydrogen expander cycle engine currently in operation 
is the RLlO engine which was developed and certified in the late 1 9 5 0 ' s  and early 1960 's .  Two 
RLIOA-3-3A enyines are used on the expendable Atlas Centaur vehicle. The RLIOA-3-3A is a regenera- 
tively cooled, turbopump-fed rocket engine that weighs approximately 310 lb and produces a rated 
vacuum thrust uf 16 500 lb.7 
formance (444.4 sec specific impulse at mixture ratio of 5 : l  using a 6 1 : l  area ratio nozzle), has 
limited throttling capability (with siynificant performance penalties) and no on-board diagnostics. 
I t  was designed for and has been used only on expendable vehicles. 
In the early 1 9 7 0 ' s ,  NA5A initiated a technology program directed toward an advanced liquid 
oxygenlliquid hydrogen upper stage engine, as shown in Fig. 1 .  The Advanced Space Engine technology 
program was cirried through component verification testing. at which time i t  was decided that a liquid 
oxygenlliquid hydrogen expander cycle engine (rather than one utilizing a staged combustion cycle) 
would better sdtisfy future mission requirements. The Orbital Transfer Vehicle Rocket Engine technol- 
ogy program, which began in the early 1 9 8 0 ' s .  focused on advanced component technologies for high 
performance (high pressure), reusable liquid oxygenlliquid hydrogen expander cycle enyines which 
would be space based and man-rated. 
oxygenlliquid hydrogen expander cycle components was only partially demonstrated during this program, 
which has given way to the Chemical Transfer Propulsion Program. 
What reindins to be aciumplished in order to confidently proceed with the development of an 
advdnced high performance liquid oxygenlliquid hydrogen expander cycle engine for future space explo- 
ration missions is ( 1 )  the validation testing of engine components, ( 2 )  testiny of components assem- 
bled into an engine system (to study component interactions, system transients, system dynamics, and 
health monitoring/control systems), and ( 3 )  the verification of design and analysis methodologies at 
both the engine component and engine system level. Pathfinder Chemical Transfer Propulsion is a 
focused program intended to elevate technology readiness (to Level 6 as shown in Table 111) by bridg- 
ing the technology gap between basic research and technology efforts conducted to date (Level 3) and 
the eventual development of advanced liquid oxygenlliquid hydrogen engines for space transfer 
vehicles. 
With a chiimber pressure of 465 psia, the engine delivers moderate per- 
The basic proof-of-concept of advanced, high-performance liquid 
CHEMICAL TRANSFER PROPULSION PROGRAM GOALS AND OBJECTIVES 
The goal o f  the Chemical Transfer Propulsion Program is to provide the technology necessary to 
confidently proceed, in the 1 9 9 0 ' s .  with the development o f  high-performance, liquid oxygenlliquid 
hydrogen expander cycle engines for future space exploration missions. Major program objectives are: 
( 1 )  Proof-ot-concept demonstration of a high performance, liquid oxygenlliquid hydrogen expander 
cycle in a test bed engine system, including: 
(a) Validation of high pressure, high performance expander cycles 
( b )  Investigation of engine system interactions, transients, dynamics, control functions, 
and preliminary health monitoring techniques 
(2) The validdtion of a design and analysis methodologies to support the development of future. 
high pertormance liquid oxygenlliquid hydrogen expander cycle engines including: 
(a) Assenibly and validation of analytical methodologies for the design of advanced liquid 
(b) Validation of design concepts for high performance, space-based, throttleable liquid 
oxygenlliquid hydrogen expander cycle engine components and systems 
oxygenlliquid hydrogen expander cycle engines 
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( 3 )  Miss ion - focused  components i n t e g r a t e d  i n t o  a focused- techno logy  t e s t  bed eng ine  t o  demon- 
s t r a t e  t h e  h i g h  per fo rmance,  l i q u i d  o x y g e n l l i q u i d  hydrogen expander c y c l e  eng ine  system techno logy  
t h a t  i s  t o  be t h e  b a s i s  f o r  f u t u r e  space eng ine  development.  
( 4 )  R e s u l t s  o f  p i - o p u l s i o n  s t u d i e s  conducted  t o  d e f i n e  f i r m  p r o p u l s i o n  requ i rements  and t o  t r a d e  
p r o p u l s i o n  system per fo rmance,  c o n f i g u r a t i o n ,  o p e r a t i n g  c h a r a c t e r i s t i c s ,  and t h e  a t t r i b u t e s  t h a t  a r e  
key  t o  long- te rm space t r a n s p o r t a t i o n  i n f r a s t r u c t u r e s  (space-bas ing .  reuse,  man- ra t i ng ,  f a u l t  
t o1  erance)  . 
TECHNICAL APPROACH 
A t  t h e  p r e s e n t  t ime ,  f u t u r e  space e x p l o r a t i o n  m i s s i o n  scenar ios  have n o t  been de f i ned  t o  a p o i n t  
where f i r m  p r o p u l s i o n  requ i remen ts  e x i s t .  However, techno logy  goa ls  f o r  an advanced l i q u i d  oxygen/ 
l i q u i d  hydrogen space eng ine  wh ich  suppor t  t h e  range o f  f u t u r e  m i s s i o n  o p t i o n s  a r e  presented  i n  
Tab le  11. The ma jo r  t e c h n i c a l  i ssues  for  an advanced l i q u i d  o x y g e n / l i q u i d  hydrogen expander c y c l e  
eng ine  wh ich  w i l l  be addressed i n  t h e  Chemical T r a n s f e r  P r o p u l s i o n  Program a r e  h i g h  performance, deep 
t h r o t t l i n g ,  r e u s a b i l i t y ,  space bas ing ,  f a u l t  t o l e r a n c e ,  and man r a t i n g .  
The t e c h n i c a l  approach to be used i n  t h e  Chemical T r a n s f e r  P r o p u l s i o n  Program i s  summarized i n  
F i g .  2 .  The program c o n s i s t s  o f  p r o p u l s i o n  s t u d i e s ,  focused advanced component techno logy  e f f o r t s ,  
and systems techno logy  a c t i v i t i e s .  Drawing on techno logy  developed i n  t h e  O r b i t a l  T rans fe r  V e h i c l e  
Rocket Engine Technology program, advanced l i q u i d  o x y g e n l l i q u i d  hydrogen expander c y c l e  engine compo- 
nen ts  w i l l  be des igned,  f a b r i c a t e d  and t e s t e d  i n  component t e s t  s tands .  The components w i l l  t hen  be 
assembled i n t o  a t e s t  bed eng ine  f o r  systems t e s t i n g .  I n  p a r a l l e l  w i t h  these a c t i v i t i e s ,  p r o p u l s i o n  
s t u d i e s  w i l l  be conducted  t o  d e f i n e  o r o o u l s i o n  svstem reau i remen ts  which w i l l  qu ide  the  s e l e c t i o n  o f  
focused advanced component techno log ies '  t o  be pu;sued i n  ' t h e  program. The foc;sed advanced eng i  
components emerging f rom these e f f o r t s  w i l l  be i n t e g r a t e d  i n t o  a focused- techno logy  t e s t  bed eng 
Th is  eng ine  system w i l l  be t e s t e d  t o  complete Leve l  6 o f  t echno logy  read iness .  
MANAGEMENT PLAN 
WORK EREAkDGWN STRUCTURE 
The Chemical T rans fe r  P r u p u l s i o n  Program i s  d i v i d e d  i n t o  t h r e e  major  research  areas which a 
work t o  be focused i n  c r i t i c a l  a reas  and o rov ides  a mechanism f o r  r a i s i n q  t h e  techno loqy  t o  h i q h  
e 
ne. 
lows 
r 
l e v e l s  o f  hardware d e f i n i t i o n ,  l e a d i n g  t o '  t h e  even tua l  t e s t i n g  o f  an advanced l i q u i d  o ;ygen l l i qu id  
hydrogen ?xpandel- c y c l e  focused- techno logy  t e s t  bed eng ine  i n  t h e  l a t e  1 9 9 0 ' s .  The major  work pack- 
ages a r e :  ( 1 )  p r o p u l s i o n  s t u d i e s ,  ( 2 )  miss ion- focused techno log ies ,  and ( 3 )  eng ine  systems techno lo -  
g i e s .  F i g u r e  3 i l l u s t r a t e s  t h e  t o p - l e v e l  work breakdown s t r u c t u r e  elements.  The p r o p u l s i o n  s t u d i e s  
w i l l  yene ra te  p r o p u l s i o n  requ i remen ts  t o  gu ide  t h e  s e l e c t i o n  o f  miss ion- focused t e c h n o l o g i e s .  
Advanced eng ine  subcomponents and components emerging f rom t h e  miss ion- focused techno logy  e f f o r t s  
w i l l  be  t e s t e d  i n  an eng ine  system i n  t h e  focused-technology t e s t  bed. 
ORGANIZATION =MANAGEMENT STRUCTURE 
Program management r e s p o n s i b i l i t i e s  f o r  t h e  Chemical Transfer-  P r o p u l s i o n  Program w i l l  r e s i d e  i n  
OAST's P r o p u l s i o n ,  Power and Energy D i v i s i o n ,  Code RP.  The NASA Lewis Research Center w i l l  be t h e  
Lead Center  f o r  t h e  Chemical T r a n s f e r  P r o p u l s i o n  Program. 
f u l l  r e s p o n s i b i l i t y  o f  a c h i e v i n g  t h e  g o a l s  and o b j e c t i v e s  o f  t h e  program, as w e l l  as f o r  i n t e g r a t i n g  
n e x t - t i e r  assignments i n  t h e  program b o t h  w i t h i n  NASA Lewis and a t  p a r t i c i p a t i n g  c e n t e r s .  
A s  t h e  l e a d  c e n t e r ,  NASA Lewis w i l l  assume 
PROGRAM COORDINATION 
The NASA Lewis P r o j e c t  Mdnayer w i l l  be  k e p t  i n fo rmed  and c o o r d i n a t e d  w i th  t h e  O f f i c e  of Exp lo ra -  
t i o n  (OEXP) and t h e  O f f i c e  o f  Space F l i g h t  (OSF)  t o  assure  t h a t  f u t u r e  space v e h i c l e  requ i remen ts  
gu ide  p r o p u l s i o n  techno logy  e f f o r t s  w i t h i n  t h e  Chemical T r a n s f e r  P r o p u l s i o n  Program. 
d e f i n e  scenar ios  f o r  f u t u r e ,  human e x p l o r a t i o n  m iss ions  i n  t h e  S o l a r  System. OSF w i l l  e s t a b l i s h  space 
v e h i c l e  requ i remen ts  f o r  these f u t u r e  space e x p l o r a t i o n  m iss ions ,  wh ich  w i l l  gu ide  the  development o f  
p r o p u l s i o n  t e c h n o l o g i e s .  M i s s i o n  and v e h i c l e  d e f i n i t i o n  w i l l  be i m p o r t a n t  i n  d e t e r m i n i n g  p r o p u l s i o n  
system c h a r a c t e r i s t i c s .  
PROGRAM R E V I E W S  
OEXP w i l l  
Formal rev iews  o f  t h e  Chemical T rans fe r  P r o p u l s i o n  Program w i l l  be conducted semiannua l ly :  mid- 
way d u r i n g ,  and near t h e  end o f ,  each f i s c a l  y e a r .  The focus  o f  t h e  m i d f i s c a l  yea r  r e v i e w  W i l l  be on 
program c o n t e n t ,  s t a t u s  and p rog ress  versus  t h e  P r o j e c t  P lan .  
P r o j e c t  P l a n  a g a i n s t  schedu le .  accompl ishments and resources .  
The purpose o f  t h e  r e v i e w  near the  end o f  t h e  f i s c a l  year  w i l l  be t o  e v a l u a t e  the  s p e c i f i c  
The Lead Center w i l l  be r e s p o n s i b l e  
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f o r  making an i n t e g r a t e d  assessment o f  p rogress  and accomplishments versus  the  P r o j e c t  P lan .  Spe- 
c i a l ,  d e t a i l e d  t e c h n i c a l  rev iews  w i l l  a l s o  be conducted as necessary  t o  ensure a p lanned pace o f  
accompl ishment t o  meet the  goa ls  arid o b j e c t i v e s  o f  t h e  program and t o  expose any problems o r  po ten-  
t i a l  m a l f u n c t i o n s  b e f o r e  commi t t i ng  t h e  program t o  t h e  nex t  s t e p .  
ADVISORY COMMITTEES 
The OAST Space Systems Technology Adv iso ry  Committee ( S S T A C )  and the  Aerospace Research and Tech- 
no logy  Subcommittee ( A R T S )  w i l l  be u t i l i z e d  fo r  t h e  Chemical T rans fe r  P r o p u l s i o n  Program. These a d v i -  
so ry  groups w i l l  p r o v i d e  t o p - l e v e l  programmatic and t e c h n i c a l  guidance t o  the  program. I n  a d d i t i o n ,  
a Space P r o p u l s i o n  Adv iso ry  Committee w i l l  p r o v i d e  a more s p e c i f i c  a d v i s o r y  f u n c t i o n  t o  t h e  Chemical 
T r a n s f e r  P r o p u l s i o n  Program. Th is  commit tee composed o f  p r i n c i p a l  managers and t e c h n i c a l  s p e c i a l i s t s  
f rom NASA,  o t h e r  government agenc ies ,  i n d u s t r y  and academe and w i l l  p r o v i d e  s p e c i f i c  programmatic and 
t e c h n i c a l  gu idance t o  t h e  program once each yea r .  
TECHNICAL PLAN 
TECHNOLOGY READINESS OBJECTIVES 
The techno logy  read iness  l e v e l  o f  t he  l i q u i d  o x y g e n l l i q u i d  hydroyen expander c y c l e  eng ine ,  as 
t h e  Chemical T r a n s f e r  P r o p u l s i o n  Program i s  i n i t i a t e d  i n  FY89, can be cons idered Level  3 ,  as shown i n  
Table 111. Key components and r e l a t e d  component a n a l y t i c a l  models for h i g h  performance l i q u i d  oxygen/ 
l i a u i d  hydrogen expander c y c l e  enq ines .  such as DumDs, t u r b i n e s ,  t h r u s t  chambers and h e a l t h  m o n i t o r i n i l  
dev 
the  
des 
w i  1 
des 
ces, have been des igned 
p a s t  seve ra l  yea rs .  W i  
gn, f a b r i c a t e ,  and t e s t  
be t e s t e d  i n  component 
yn methodo log ies .  
A s  t he  t r c h n u l o u v  read  
f a b r i c a t e d  and t e s t e d  f o r  p roo f -o f - concep t  i n  the  Base R & T  program ove r  - 
h t h i s  as a s t a r t i n g  p o i n t ,  the  Chemical T rans fe r  P r o p u l s i o n  Program w i l l  
components based on these p roo f -o f - concep t  des igns .  These components 
t e s t  stands t o  de termine expected performance and v a l i d a t e  a n a l y s i s  and 
ness w i l l  be e l e v a t e d  t o  Level  4 .  t h e  iomDonents w i l l  be i n t e q r a t e d  i n t o  
a t e s t  bed eng ine  fo;-system c h a r a c t e r i z a t i o n  t e s t i n g .  Advanced eng ine  componen 
m iss ion - focused  techno logy  work element w i l l  be i n t e g r a t e d  w i t h  the  t e s t  bed eng 
techno logy  t e s t  bed and e l e v a t e  techno logy  read iness  t o  Leve l  5 .  System v a l i d a t  
a n a l y s i s  concepts w i l l  be conducted i n  t h e  focused- techno logy  t e s t  bed i n  a simu 
ment t o  comple te  Leve l  6 o f  techno logy  read iness .  A t  t h i s  p o i n t  i n  t h e  program, 
t h e  goa ls  and o b j e c t i v e s  o f  t h e  Chemical T r a n s f e r  P r o p u l s i o n  Program w i l l  be met 
and des ign  methodo log ies  w i l l  be a v a i l a b l e  t o  t h e  development program. 
s emerging f rom t h e  
ne t o  fo rm a focused- 
on o f  hardware and 
a t e d  space e n v i r o n -  
i n  the  l a t e  1990 's .  
V a l i d a t e d  hardware 
PROPULSION S T U D I E S  
O b j e c t i v e s .  P i -opu ls ion  system s t u d i e s  w i l l  be conducted i n  t h e  Chemical T r a n s f e r  P r o p u l s i o n  Pro- 
gram t o  p r o v i d e  eng ine  p a r a m e t r i c  d a t a  t o  suppor t  t h e  m i s s i o n / v e h i c l e  s t u d i e s  b e i n g  conducted by t h e  
OEXP and t h e  OSF.  The s t u d i e s  w i l l  alsi, i d e n t i f y  and assess t h e  techno logy  requ i rements  o f  cand ida te  
p r o p u l s i o n  systems r e s u l t i n g  f rom t h e  v e h i c l e  s t u d i e s .  
Techn ica l  Approach. The i n i t i a l  p r o p u l s i o n  system pa ramet r i c  d a t a  packages needed f o r  t h e  
m i s s i o n / v e h i c l e  s t u d i e s  w i l l  be genera tsd  as a task  under- t h e  e x i s t i n g  O r b i t  T rans fe r  V e h i c l e  Rocket 
Engine Technology c o n t r a c t s  w i t h  Ae i -o je t  Techsystems Company, P r a t t  & Whitney, and Rocketdyne. These 
d a t a  packages w i l l  be p r o v i d e d  t o  t h e  OEXP and OSF c o n t r a c t o r s .  
c l o s e  c o o r d i n a t i o n  between v e h i c l e  and eng ine  s tudy  c o n t r a c t o r s  such t h a t  t h e  impact  o f  v e h i c l e  
d e r i v e d  requ i rements  on t h e  eng ine  system can be assessed and t h e  r e s u l t s  u t i l i z e d  i n ' t h e  v e h i c l e  
t r a d e  s t u d i e s .  
P r o v i s i o n s  w i l l  be made t o  enab le  
Once pi-c,pulsion syhteii i  requ i rements  have been d e f i n e d ,  miss ion- focused p r o p u l s i o n  system s t u d i e s  
w i l l  be conduLted to o p t i m i z e  the  eng ine  components and/or  systems t o  s a t i s f y  the  v e h i c l e  r e q u i r e -  
ments.  These i n p u t s  w i l l  be used t o  gu ide  t h e  miss ion- focused t e c h n o l o g i e s '  a c t i v i t i e s .  
___- Schedule o f  M i l e s t o n u a n d  D e l i v e r a b l e s .  
m i s s i o n / v e h i c l e  s t u d i e s  by OEXP and OSF and t o  implement t h e  r e s u l t s  o f  t h e  m i s s i o n / v e h i c l e  s t u d i e s  
i n t o  t h e  Chemical T rans fe r  P r o p u l s i o n  Program. 
The m i les tones  f o r  t h i s  e f f o r t  a r e  t o  suppor t  t h e  
De l ive i .db les  a r e :  
( 1 )  Eny i i i r  p a r a m e t r i c  da ta  packages FY89 
( 2 )  Spec ia l  e i i y ine  p a r a m e t r i c  d a t a  packages FY90 
( 3 )  Miss ion - focused  eng ine  Component requ i rements  FY92 
( 4 )  P r o p u l s i u n  t r a d e  s t u d i e s  F Y 3 2  
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MISSION-FOCUSED TECHNOLOGIES 
O b j e c t i v e .  The o b j e c t i v e  o f  miss ion- focused techno log ies  i s  t o  p r o v i d e  m i s s i o n - s p e c i f i c  t echno l -  
ogy f o r  i n c l u s i o n  i n t o  t h e  focused- techno logy  t e s t  bed eng ine  t h a t  i s  scheduled f o r  1994. Th is  tech-  
no logy  w i l l  conipleinent t h e  r e s u l t s  o f  t he  e a r l i e r  eng ine  techno logy  f rom the  O r b i t  T rans fe r  V e h i c l e  
e f f o r t .  The m iss ion - focused  techno log ies  w i l l  i n c l u d e  those i ssues  t h a t  have n o t  y e t  been d e f i n e d ;  
b u t  a r e  s i z e ,  i i i i s s ion ,  and c y c l e  s p e c i f i c .  These i ssues  a r e  n o t  be ing  covered i n  the  e a r l y  eng ine  
techno logy  effur't b u t  w i l l  be d e f i n e d  as a r e s u l t  o f  ongo ing  p r o p u l s i o n  s t u d i e s .  
Techn ica l  Approach. The Work Breakdown S t r u c t u r e  f o r  t h i s  Work Package i s  shown i n  F i g .  8 .  The 
t e c h n i c a l  approach w i l l  be t o  d e f i n e  those techno logy  i ssues  t h a t  a r e  p a r o c h i a l  t o  a space-based, 
man-rated, r e u s a b l e ,  f a u l t - t o l e r a n t ,  l i q u i d  o x y g e n l l i q u i d  hydrogen expander -cyc le  eng ine  t h a t  w i l l  be 
used f o r  f u t u r e  space e x p l o r a t i o n .  One aspec t  o f  d e f i n i t i o n  w i l l  come f rom t h e  p r o p u l s i o n  s t u d i e s .  
They w i l l  be t h e  t h r u s t  l e v e l ,  t h r o t t l e a b i l i t y  range,  m i x t u r e - r a t i o  range,  and s i z e  enve lope.  Where 
these aspec ts  can n o t  be d e f i n e d ,  a b road range o f  va lues  w i l l  be pursued.  Up-dat ing  o f  t h e  c o n f i g u -  
r a t i o n  and c y c l e  cand ida tes  w i l l  a l s o  be r e s u l t s  o f  t he  p r o p u l s i o n  s t u d i e s .  
c o n f i g u r a t i o n s ,  t he  techno logy  i ssues  p a r o c h i a l  t o  these c o n f i g u r a t i o n s  w i l l  be i d e n t i f i e d .  
subsystems i n  d s e r i e s  o f  pvoof -o f -concept  tasks  (Leve l  3 ) .  These tasks  would l ead  n e x t  t o  t h s  cumpo- 
nent  v a l i d a t i o n  work a t  Leve l  4 ,  and u l t i m a t e l y  t o  the  t e s t  bed eng ine  demons t ra t i on  work a t  ??ve l  5 .  
The key m i l e s t o n e  for. t h i s  e f f o r t  i s  t o  p r o v i d e  demon- 
s t r a t e d  miss ion- focused components f o r  t h e  b u i l d - u p  o f  t h e  focused- techno logy  t e s t  bed eng ins  i n  
FY94. A supp lementary  m i l e s t o n e  i s  t o  have a l l  o f  t h e  miss ion- focused components a v a i l d b l e  2nd char -  
a c t e r i z e d  by FY97. I n  o r d e r  t o  meet these g o a l s ,  seve ra l  i n t e r m e d i a t e  m i les tones  can be l i s t e d .  One 
i s  t o  have p roo f -o f - concep t  v a l i d a t e d  miss ion- focused components ( L e v e l  3 )  completed i n  F ' i 9 2 .  To 
accompl ish  t h i s ,  work on t h e  miss ion- focused components must s t a r t  i n  FY89. 
Wi th  t h i s  na r row ing  o f  
Once i d e n t i f i e d .  these techno logy  i ssues  w i l l  be pursued b o t h  as i n d i v i d u a l  components, and a s  
~ - .  Schedule d f  M i l e s t o n e s  and D e l i v e r a b l e s .  
ENGINE SYSTEM) TECHNOLOGY 
O b j e c t i v e s .  The o b j e c t i v e s  o f  t h i s  element a r e  ( 1 )  v a l i d a t i o n  o f  t h e  h i g h  p ressu re ,  h i g h  
per fo rmance expander c y c l e  concept a t  t he  eng ine  system l e v e l ,  ( 2 )  v e r i f i c a t i o n  o f  t he  1989 s t a t e - o f -  
t h e - a r t  methodo log ies  f o r  des ign  and a n a l y s i s  o f  h i g h  p ressu re ,  h i g h  performance expander c y c l e  compo- 
nen ts  and eng ine  system, ( 3 )  i n v e s t i g a t i o n  o f  system e f f e c t s  on component des ign ,  c o n t r o l  f u n c t i o n s ,  
and h e a l t h  m o n i t o r i n g  techn iques ,  and ( 4 )  demons t ra t i on  o f  advanced. miss ion- focused components i n  a 
focused- techno logy  t e s t  bed eng ine .  The t e s t i n g  o f  t he  focused- techno logy  t e s t  bed eng ine  i n  3 simu- 
l a t e d  env i ronment  w i l l  be t h e  demons t ra t i on  o f  t h e  chemical  t r a n s f e r  p r o p u l s i o n  techno logy  base f o r  
f u t u r e  space e x p l o r a t i o n  m i s s i o n s .  
in-house NASA Lewis e f f o r t .  
Technicir! Appvodch. 
Us ing  t h e  techno logy  developed i n  t h e  R&T Base i n  t h e  1980 's .  a c o n t r a c t o r  (or- c o n t r a c t o r s )  W i l l  
The Engine Systems Technology w i l l  c o n s i s t  o f  a c v n t r a c t  e f f o r t  and an 
des ign ,  f a b r i c a t e ,  acceptance t e s t ,  and d e l i v e r  t o  NASA Lewis an advdnced, h i g h  p ressu re ,  h i g h  pe r -  
formance expander- c y c l e  t e s t  bed eng ine .  The t e s t  bed eng ine  des ign  w i l l  u t i l i z e  t h e  s t a t e - s i - t h e -  
d r t  des ign  and a n d l y s i s  methodo loy ies  a v a i l a b l e .  These methodo log ies  w i l l  b e  v e r i f i e d  d u r i n g  t h e  
c o n t r a c t o r ' s  t e s t i n g  o f  eng ine  components and d u r i n g  t h e  NASA Lewis in-house t e s t  bed eng ine  tes:  
p r o g  ram. 
The NASA Lewis in-house e f f o r t  w i l l  be an e x t e n s i v e  t e s t  program o f  t h e  t e s t  bed 'eng ine  t o :  
( 1 )  V a l i d a t e  t h e  h i g h  p ressu re ,  h i g h  per fo rmance expander c y c l e  concept a t  t h e  eng ine  System 
l e v e l .  
( 2 )  I n v e s t i g a t e  eng ine  system i n t e r a c t i o n s ,  t r a n s i e n t s ,  and dynamics and what e f f e c t  t hey  have on 
( 3 )  I n v e s t i g a t e  eng ine  c o n t r o l  f u n c t i o n s  and h e a l t h  m o n i t o r i n g  techn iques  t o  h e l p  d i r e c t  t h e  
( 4 )  V e v i f y  eng ine  system d e s i y n  and a n a l y s i s  methodo log ies .  
A s  advan, ed components emei'ye f ro in  t h e  m iss ion - focused  techno log ies  e f f o r t s ,  they  w i l l  be i n t e -  
m iss ion - focused  component des igns .  
m iss ion - focused  techno logy  e f f o r t s .  
g r a t e d  i n t o  t h e  t e s t  bed eng ine  f o r  system l e v e l  t e s t i n g .  I n  t h i s  manner, t he  1989- techno logy  t e s t  
bed eng ine  w i l l  evo l ve  i n t o  a focused- techno logy  t e s t  bed eng ine  i n  t h e  1994 t o  1996 t ime  p e r i o d .  
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The e f f e c t i v e  t r a n s f e r  o f  p r o p u l s i o n  techno log ies  f rom the  research  c e n t e r  t o  t h e  development 
c e n t e r  where t h e  techno logy  w i l l  e v e n t u a l l y  be developed i n t o  o p e r a t i o n a l  systems for f u t u r e  space 
t r a n s f e r  m iss ions  i s  recogn ized  as a major  goa l  o f  t h e  Chemical T r a n s f e r  P r o p u l s i o n  Program. P lann ing  
f o r  t h e  t r a n s i t i o n  o f  Chemical T rans fe r  P r o p u l s i o n  techno logy  t o  advanced development i n  p r e p a r a t i o n  
f o r  imp lemen ta t i on  i n v o l v e s  b o t h  Headquar te rs  and t h e  f i e l d  c e n t e r .  
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TABLE I .  - CHEMICAL TRANSFER PROPULSION TECHNOLOGY REQUIREMENTS 
[ M u s t  be  c o m p a t i b l e  w i t h  s u r f a c e  h e a t  l o a d s  and s t a y  t i m e s  to  r e d u c e  p r o p e l l a n t  l o s s e s  t o  
m i s s i o n  a c c e p t a b l e  l e v e l s . ]  
M i s s i o n  
Mars  t r a n s f e r  
( 1 s t  and 2 n d  s t a g e )  
L u n a r  t r a n s f e r  
Mars  t r a n s f e r  
( 3 r d  s t a g e )  
M a r s I L u n a r  r e t u r n  
Mars  a n d  Moon 
De s c e n t  
Mars  and Moon 
A s c e n t  
T h r u s t ,  
K l  b s  
75-100 
20-40 
20-40 
20-40 
Fuel 
LOXILHZ 
LOXlLH2 
LOXILH2 
N o t e  1 
ISP,  
sec  
,460 
,480 
,450 
Maximum 
B u r n  
t i m e ,  
mi n 
c 30 
45-90 
10-20 
t20 
__ 
Reuse 
Yes 
(IO) 
Yes 
(IO) 
M a r s ,  No 
Moon, Yes  
M a r s ,  No 
Moon, Yes  
(IO) 
T h r o t t  1 e- 
a b l e  
No 
No 
Yes 
No 
e x p o s u r e  
M o n t h s  
Y e a r s  
Y e a r s  
Y e a r s  
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TABLE 11.  - TECHNOLOGY GOALS FOR SPACE TRANSFER E N G I N E  
Parameter  
P r o p e l l a n t s  
Fue 1 
Ox i d i z e r  
Power c y c l e  
Vacuum t h r u s t  
Vacuum t h r u s t  t h r o t t l i n g  r a t i o  
Vacuum s p e c i f i c  impu lse  
Engine m i x t u r e  r a t i o , O / F  
Engine m i x t u r e  r a t i o  range  
Combust ion p r e s s u r e  
Nozz le  a r e a  r a t i o  
Weight 
Length  
L i f e  
O p e r a t i o n a l  
S e r v i c e  f r e e  
Bas i  ng 
Human r a t i n g  
Des ign  c r i t e r i a  
Opera t i ona 1 
Aerobrake 
Main tenance 
D i a g n o s t i c  i n s t r u m e n t a t i o n  
Reference eng ine  
system 
Hydrogen 
Oxygen 
Expander 
a16 500 l b f  
Not s p e c i f i e d  
4 4 4 . 4  l b f - s e c / l b m  
a5.0  
4 . 4  t o  5 .6  
a465 p s i a  
61.1 
310 l b  
70.1 i n .  
3 s t a r t s ,  4,000 sec 
Not s p e c i f i e d  
E a r t h  
No 
Not  s p e c i f i e d  
None 
Not s p e c i f i e d  
None 
Space t r a n s f e r  v e h i c l e  
e n g i n e  t e c h n o l o g y  g o a l s  
Hydrogen 
Oxygen 
Expander 
b5  t o  50 K l b f  
c20 :  1 
,490 l b f l s e c i l b m  
d 6 . 0  
e 5 . 0  TBD 
f>1500  p s i a  
1000: 1 
gTBD 
9TBD 
>500 s t a r t s ,  40 h r  
> lo0  s t a r t s ,  4 h r  
Space 
Yes 
F a u l t  t o l e r a n c e  
C o m p a t i b l e  w i t h  a e r o a s s i s t  
I n -space  main tenance 
I n t e g r a t e d  c o n t r o l s  and 
t r a n s f e r  
m o n i t o r i n g  
aDes ign  p o i n t .  
b T h r u s t  goa l  t o  be de te rm ined .  Expec ted  t o  be i n  5,000 t o  50 000 l b f  t h r u s t  
CCont inuous  and s t a b l e  t h r o t t l i n g  f r o m  r a t e d  t h r u s t  t o  5 p e r c e n t  t h r u s t  w i t h  
d M i x t u r e  r a t i o  goa l  t o  be de te rm ined .  
eEng ine  m i x t u r e  r a t i o  range  t o  be de te rm ined .  
fChamber p r e s s u r e  must be c o m p a t i b l e  w i t h  per fo rmance and t h r o t t l i n g  g o a l s .  
gTo be de te rm ined .  
range .  
minimum per fo rmance  l o s s .  
r a t i o  o f  6 .0 .  
c o m p a t i b i l i t y  w i t h  f a u l t  t o l e r a n t  e n g i n e  o p e r a t i o n  and t o  p o t e n t i a l l y  a l l o w  
m i x t u r e  r a t i o  change d u r i n g  m i s s i o n .  
Per fo rmance goa l  s p e c i f i e d  a t  a m i x t u r e  
Broad range  d e s i r e d  f o r  
TABLE 111. - TECHNOLOGY READINESS LEVELS 
B a s i c  r e s e a r c h  
Techno logy  deve lopment  
Leve l  
Leve l  
Leve 1 
Leve l  
B a s i c  p r i n c i p l e s  obse rved  and r e p o r t e d  
Techno logy  c o n c e p t / a p p l i c a t i o n  f o r m u l a t e d  
A n a l y t i c a l  and e x p e r i m e n t a l  c r i t i c a l  f u n c t i o n  a n d / o r  c h a r a c t e r i s t i c  
Component a n d / o r  b readboard  v a l i d a t i o n  i n  l a b o r a t o r y  
p r o o f - o f - c o n c e p t  
I > Leve l  5 Component a n d / o r  b readboard  d e m o n s t r a t i o n  i n  r e l e v a n t  env i ronmen t  
Techno logy  d e m o n s t r a t i o n  Leve l  6 System v a l i d a t i o n  model demons t ra ted  i n  s i m u l a t e d  env i ronmen t  
Leve l  7 System v a l i d a t i o n  model demons t ra ted  i n  space 
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